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Ecological surveys on brackish tidal flaW were carried out at the Sinoeri, 
N am yang and Ogryudeung sand bar in the N agdong river estuary, Korea, in Septem-
ber to October 1987. At the Sinoeri tidal flat with its large tidal range, a conspicuous 
zonation of macrobenthic animals related to water content, TC, TN and Eh of the 
sediments was observed along the slope from creek bottom to mound top. On the 
other hand, at the Ogryudeung tidal fiat with a small tidal range, the noticeable 
zonation of macrobenthic animals was reflected in the presence of emergent plants 
such as Phragmites australis and Scirpus maritimus. 
The density, height, biomass and N, P, Ca, and Mg contents of Phragmites 
australis and Scirpus maritimus were estimated in the lower reaches of the Nagdong 
river. The above-ground biomass of the reed marsh ranged from 730 to 2100 g/m2 
and those of the Scirpus marsh from 117 to 205 g/m2• From areas of reed marsh, the 
above-ground reed biomass and nutrient contents of above-ground parts of reed, it can 
be estimated that 59,456 kg nitrogen and 5274 kg phosphorus are removed per year 
from the N agdong river estuary if the above-ground parts of the reed are harvested. 
On the west coast of the Republic of Korea, one of the largest tidal flats in the 
world has developed due to the extremely large tidal range (about 8 m at spring 
tide). The total area of tidal flats amounts to almost 3% of the land of Korea (MIN, 
1986). On the other hand, in the Nagdong river estuary, south-eastern Korea, the 
tidal range is relatively small (about 1.2 m at spring tide). The Nagdong river 
supplies a large amount of suspended and dissolved materials to the estuarine area, 
constructing large tidal flats, salt marshes and sand bars. 
Tidal flats have generally high activities of primary' and secondary production, 
and organic decomposition. They are very important coastal systems as nursery 
grounds for fish, shellfish and crustacean, and feeding and resting places for birds 
(KIM et al., 1979). In fact the Nagdong river estuary is one of the main passage and 
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wintering grounds for waders, plovers and waterfowls m Korea (WoN, 1974; 
DoORNBOS et al., 1986). This sojourning area for migratory birds, therefore, has 
been designated as a natural monument (No. 179). However few ecological studies 
have been done in the tidal flats of Korea, except for the Nagdong river estuary, 
where a few studies have been made recently (KIM et al., 1982 ; MuN and KIM, 
1985a, b; KIM et al., 1986). 
The present paper reports ecological surveys carried out at the Sinoeri tidal flat 
and the Nagdong river estuary. The distribution of macrobenthos and plants is 
discussed with reference to the physical and chemical properties of sediments. 
STUDY AREA 
The Sinoeri tidal flat, in the central-western part of Korea, is a vast expanse in 
which many creeks run in all directions (Fig. 1). The zone of salt marsh around the 
tidal flat is narrow, and only a few halophytes, mainly Suaeda japonica, grow over 
the salt marsh. The differences between low and high water amount to about 8 m 
at spring tide and about 4 m at neap tide. The tide flows along the creeks twice a 
day. For biological and sediment analysis, 15 sampling sites were selected along a 
transect line across 2 creeks including no vegetation. 
A map of the N agdong river estuary is shown in Fig. 2. The tidal flats and 
barrier sand bars are subjected to continuous and intensive transformati~n. The 
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Fig. 1. Map of the Sinoeri, Namyang, Korea, showing the transect line used for 
sampling. 
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Fig. 2. Map of the Nagdong river estuary, Korea, showing the sampling stations. 
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tidal differences amount to about 1.2 m at spring tide and about 0.6 m at neap tide, 
and the intertidal zones are very shallow in comparison to the Sinoeri tidal flat. 
The main halophytes around these tidal flats are Phragmites australis and Scirpus 
maritimus. Reed marsh is developed in the supratidal zone and consequently is 
flooded only at the flood tide of the spring tide. On the other hand, Scirpus marsh 
is developed in the high mound of the intertidal zone. Samples of macrofauna and 
sediment were collected at 17 sites selected along 2 transect lines including the 
vegetation area at the Ogryudeung sand bar. Above- and below-ground vegetations 
were sampled from the reed and Scirpus marshes on the same lines. The vegetation 
was also sampled in the lower reaches of the N agdong river in order to compare it 
with that at the Ogryudeung sand bar. 
The field surveys were carried out at the Sinoeri tidal flat on 23-25 September 
and in the Nagdong river estuary on 3-ll October, 1987. 
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MATERIALS AND METHODS 
Sampling 
As for the macrofauna! sampling, a PVC column (20 em diameter, 20 em length) 
was buried vertically at each site in the tidal flats and salt marshes, and the sediment 
in the column was collected. The sediment samples were passed through a 1-mm-
mesh sieve, and residues on the sieve were preserved in 4% neutralized formalin 
solution. Sampling was carried out at ebb tide and three replicates were taken at 
each site. The macrobenthos collected was sorted, identified and counted in the 
laboratory. 
In order to estimate the height, density and standing crop of the above-ground 
parts of Phragmites australis and Scirpus maritimus, plants were harvested by 
clipping at ground level in 50 X 50 em quadrats for the reed and in 25 X 25 em 
quadrats for S. maritimus. In order to estimate their below-ground biomass, 
sediment samples (50x50, 20cm deep, for reed; 25x25, 20cm deep, for S. mar-
itimus) were taken. The sediments were passed through a 1-mm-mesh sieve and the 
plant materials on the sieve were collected. Biomass was expressed as weight 
following drying at 65"0 for 72 h. 
In order to analyze the physical and chemical properties of the substratum, 
sediment was sampled at each site. Redox potential (Eh) was measured•.,with a 
platinum electrode pushed into undisturbed sediment. The electrode was .allowed 
to equilibrate for 5 min before each reading. 
Physical and chemical analysis 
After extracting the fresh sediment with deionized water (soil: water= 1: 5) 
with strong shaking, conductivity and pH of the extracted solution were determined 
using a EO meter (DS-7, Horiba seisakusho) and pH meter (L-7 LC, Horiba seisaku-
sho), respectively. The water content of the sediment was obtained from the weight 
reduction after drying at 105"0 for 2 days. Salinities of pore waters were calculated 
from conductivity values and water content according to KRUMMEL (1907). 
The sediment samples from each site were dried and total carbon (TO) and 
nitrogen (TN) contents were measured using a ON analyzer (MT 500, Yanagimoto 
MFG). To determine particle size, about 10 g of dried sediment was oxidized with 
hydrogen peroxide to remove the organic matter. After dispersion, particle sizes 
were analyzed by the pipet method. 
In order to compare the distributions of inorganic nutrients in the vegetative 
stands, the nitrogen, phosphorus, calcium and magnesium contents of the plant 
materials and sediments were measured. Before measuring them, plant materials 
were dried in an oven, powdered by a micro mill grinder (VME 45-W, J ank and 
Kunkel) and passed through a 2-mm-mesh sieve, and sediment samples were also 
passed through the sieve. The nitrogen contents of plants and sediments were 
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estimated using a ON analyzer. After the plant materials had been digested with. 
mixed acid solution (60% HCIO,: NHO,: H2S04 = 1: 5: 1) and reduced with ascor-
bic acid, phosphate-phosphorus in the extract was measured spectrophotometically 
(UV 360, Shimazu). Calcium and magnesium were measured using an inductively 
coupled argon plasma spectrophotometer (ICAP 500) according to ALLEN et al. 
(1986). 
Sediments were digested with ammonium fluoride plus hydrochloric acid for 
estimating the phosphorus ~ontent and with 1 N acetic acid solution for estimating 
other inorganic nutrients. Phosphate-phosphorus, calcium and magnesium in the 
extract were measured with the same procedure as that for plant materials. 
RESULTS 
Sinoeri Tidal Flat 
Physical and chemical properties of sediments 
The relative altitude of the sampling sites on the transect line at the Sinoeri 
tidal flat is shown in Fig. 3(a). The maximum difference in height between 0-m and 
73-m sites in this study area was about 3.5 m. The 0-m site was located near the 
shore of a creek at ebb tide. Although the tidal level at ebb tide was much lower 
than the ground level of the 0-m site, water flow in the creeks was held by the 
exudation from the tidal flat around the creeks. The mound tops in the tidal flat, 
such·as the 30-m and 73-m sites, were submerged only at high water. 
Figure 3 also shows the changes in Eh, water content, TO, TN and silt-clay 
content of the sediments along the transect line. Eh increased generally with 
increasing relative altitude and showed nearly the same pattern as that of the 
topographical profiles. On the other hand, the nearer the creeks, the higher was the 
water content, this being lowest at the top of the mound in the tidal flat, the reverse 
of Eh values. In addition, TO and TN contents showed almost the same changes as 
the water content. The silt-clay content was generally high throughout the transect 
line. Salinity, pH and conductivity showed no consistent tendency and their 
ranges were 14-20%0 , 7.56-8.40 and 2.50-3.63 mS/cm, respectively. It was apparent 
from this salinity range that the Sinoeri tidal flat is brackish. 
Macrobenthos 
From the 15 sampling sites, 14 macrobenthic species, genera or families were 
recorded: 5 crabs, 1 amphipod, 2 molluscs, 4 polychaetes, 1 tubificid and 1 nemer-
tean. The distribution patterns of the dominant species are shown in Fig. 4 .. 
The distribution of crabs showed a clear zonation. Macrophthalmus japonicus 
was present near the creeks, Helice sheni. was found in the middle zone of the mound 
and Ilyoplax pusilla in small numbers around the top of the mound. Besides adult 
crabs, juveniles of crabs were present in large numbers (up to 346 individuals perm') 
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Fig. 3. The relative altitude (a) of sampling sites on the transect line at the Sinoeri 
tidal flat and the changes in Eh (b), water content (c), total carbon (d), total 
nitrogen (e), and silt-clay content (f) of the sediments along the transect line. 
all over the study area with higher densities near the creeks (see Appendix 1). 
This pattern of zonation was also observed with polychaetes. Glycera sp. and 
Nephtys sp. were present near the creeks, Oapitellidae were in the middle zone of the 
mound and Perinereis sp. near the top of mound. Among molluscs, Sinonovaeula 
constricta (bivalve) and gastropods were found only at the creeks. In contrast 
nemerteans were present mainly around the top of mound. 
Ogryudi'!Ung Tidal Flat in The Nagdong River Estuary 
Physical and chemical properties of sediments 
The section views of two transect lines (Sts. 1 and 2) on the tidal flat at the 
north side of Ogryudeung sand bar in the N agdong river estuary are shown in Fig. 
5(a). The 0-m sites of both lines were located just at the edge of the reed marsh. 
Scirpus marsh was found in the upper range of the intertidal zone and was flooded 
only at high water. The differences in height between each of the sites were not 
large (less than 35 em for St. 1 and 15 em for St. 2). 
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Fig. 4. The distribution patterns of macrobenthic animals along the transect line 'at 
the Sinoeri tidal flat. 
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TO, TN and silt-clay contents in sediments at St. 1 (Fig. 5) showed nearly the 
same changes as the relative altitude. The areas with vegetation, such as the reed 
and Scirpus marshes, showed higher TO, TN and silt-clay contents than the bare 
tidal flat. Eh showed the lowest value in the reed marsh but a consistent relation-
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Fig. 5. The relative altitude (a) of sampling sites on the transect lines of Sts. 1 and 2 
at Ogryudeung tidal flat in the Nagdong river estuary, and the changes in Eh (b), 
water content (c), total carbon (d), total nitrogen (e), and silt-clay content (f) 
of the sediments along the two transect lines. "R" and "S" indicate_the ranges of 
reed and Scirpus marshes, respectively. 
ship with silt-clay content was not recognized. Water content showed a nearly 
constant level between 24% and 29%, except for the site in the reed marsh. 
Salinity, pH and conductivity were also nearly constant, with ranges of 12-17%0, 
6.7-7.4 and 2.1-2.9 mSjcm, respectively. 
The distributions of TC, TN and silt-clay contents at St. 2 were also shown in 
Fig. 5. The values for TC, TN and silt-clay content in the bare area were higher 
than those in the Scirpus marsh in contrast with St. 1. Eh ranged from 125 to 225 
m V, except for the lowest value in the reed marsh. Water content, salinity, pH and 
conductivity showed nearly constant values with ranges of 26-31%, 13-17%0 , 6.7-
7.2 and 2.5-3.0 mSjcm, respectively. 
Macrobenthos 
At Sts. 1 and 2, 24 macrobenthic species, genera or families were recorded. The 
BIOLOGICAL SURVEY ON TIDAL FLATS IN KOREA 117 
macro benthic species composition of the Nagdong river estuary was rich in compari-
son with that of the Sinoeri tidal flat. The distribution patterns of the dominant 
species are shown in Fig. 6. 
Amphipods, nemerteans and oligochaetes were found only at St. l, and Capitel-
la capitata and Angustassiminea castanea only at St. 2. Ilyoplax pusilla, Paranth-
ura sp., Laternula limicola and Macoma contabulata showed a high density at St. 1, 
but low density at St. 2. 
Among the crabs, Macr?phthalmus japoniaus was found in silty-clayey substra-
tum, regardless of tidal flat, reed or Scirpus marshes. Ilyoplax pusilla was present 
mainly in Scirpus marsh. In addition, juveniles belonging to the Ocypodidae were 
found mainly in Scirpus marsh and other juveniles belonging to the Grapsidae were 
found in low numbers in bare tidal flat (see Appendix 2). 
Among other crustaceans, isopod and Oorophium sp. were found in the vegeta-
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Fig.6. The distribution patterns of macrobenthic animals along the transect lines of 
Sts. 1 and 2 at Ogryudeung tidal fiat in the Nagdong river estuary. "R" and "S" 
indicate the ranges of reed and Scirpus marshes, respectively. 
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Fig. 7. The distribution of macrobenthic animals related to the siltrclay content in 
Ogryudeung tidal flat in the Nagdong river estuary. 
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tive areas, whereas other amphipods and cumacean inhabited the bare zone. 
Paranthura sp. was found in both the bare zone and Scirpus marsh of St. 1. 
As for molluscs, large numbers of Assiminea lutea japonica were present in both 
the reed and Scirpus marshes, whereas Angustassiminea castanea was found mainly 
in the bare zone of St. 2. Laternula limicola and Macoma contabulata were present 
mainly in both the bare zone and Scirpus marsh of St. 1. 
Among polychaetes, Heteromastus filiformis and Prionospio japonicus were 
distributed all over the study area in large numbers. Capitella capitata, Sabellidae, 
Glyceridae and Spionidae ~ere found only in small numbers. The majority of the 
oligochaete species were present in both the reed and Scirpus marshes of St. 1. 
Diptera larvae were found in the vegetative area and nemerteans were found all over 
the study sites of St. 1. 
It has frequently been demonstrated that one of the most important parameters 
which contribute to biological zonation in a tidal flat is sediment type (e.g., GRAY, 
1974). Figure 7 shows the distribution of macrobenthic animals related to the 
silt-clay content, that changing pattern along the transect lines also coincided with 
that of the organic matter content measured in TO and TN. It is suggested from 
Fig. 7 that two bivalves, Macoma contabulata and Oorbicula japonica, tended to 
colonize sandy sediment (less silt-clay) and a crab, Macrophthalmus japonicus, the 
muddy sediment (much silt-clay). Ilyopla:c pusilla and Laternula limicola tended 
to colonize the sandy-mud (intermediate silt-clay). Thus the particle size distribu-
tion of sediments is also considered to contribute to the distribution of benthic 
animals in the tidal flat of the Nagdong river estuary. 
Biomass and nutrient content of the vegetation 
Density, height and biomass of the reed in Sts. 1 and 2 are shown in Table 1, 
together with the data from the reed marsh in the river side of the lower reaches on 
the Nagdong river (Sts. 3 and 4). The reeds growing in Sts. 3 and 4 showed higher 
shoots and lower densities than those of the reeds in Sts. 1 and 2. While the 
below-ground reed biomass did not differ widely among stations, the above-ground 
biomass at Sts. 3 and 4 was higher than at Sts. 1 and 2, reaching a highest value of 
2100 g/m'. These results are due probably to the severe environmental conditions 
for reed growth on the tidal flat of the Ogryudeung sand bar, where the reed marsh 
was flooded by highly brackish water, approximating to the salinity limit for growth 
with 1.3% chlorinity (RANWELL, 1972). 
Density, height and biomass of Scirpus maritimus from St. 1 (25-m site) and St. 
2 (12-m site) are presented in Table 2. S. maritimus at Sts. 1 and 2 had 307-459 
shootsjm', with a height of 58~68 em and a biomass of 171-249 g dry wt.jm'. These 
biomass values were only about 12% of those for the reed on the same transect. 
The concentrations of inorganic nutrients in plants and sediments from the reed 
marsh are presented in Table 3. The concentrations of nitrogen and phosphorus in 
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Table l. Table 3. 
Density, height and biomass of the Phragmites australis community The concentrations of inorganic nutrients in Phragmites 
in the ·10\~er reaches of the Nagdong river, Korea, in October 1987 australis and sediments of reed marsh in the 
Station St. 1 St. 2 St.3 St.4 
Nagdong river estuary, Korea 
Density (No.(m') 149 108± 13 78±12 69±10 
St. Sample N (mg/g) p (mg(g) Ca (mg(g) Mg (mg/g) 
Height (em) !56 198±11 254±20 314±21 
I Plant materials 
Flower 17.46±0.81 2.49±0.28 2.71± 1.18 4.12±0.58 
Biomass (g/m') Leaf 23.94±0.74 1.84±0.10 3.41±0.20 4.11±0.21 
Flower 34 27±11 18 32 Stem '5.81±0.05 0.82±0.07 1.36±0.18 2.24±0.03 
Leaf 122 236±48 200 403 Rhizome 3.89±0.27 0.81±0.03 1.56±0.28 2.40±0.15 
Stem 574 822±85 910 1658 Root 3.96±0.31 0.83±0.02 2.78±0.21 5.45±0.03 
Rhizome 739 651± 167 823 701 Sediments 
Root 185 75±43 Ill 88 0-2em 1.07 0.0056 1.73 1.43 
AboveMground 730 1085 1128 2093 3-15 em 0.25 0.0124 0.99 0.69 
Below-ground 924 726 934 789 2 Plant materials 
Total 1654 1811 2062 2882 Flower 17.16±0.25 2.46±0.15 2.45±0.93 5.06±0.30 
Leaf 22.94± 1.08 1.65±0.12 3.54±0.38 4.49±0.33 
Stem 4.56±0.43 0.74±0.10 0.90±0.37 1.68±0.59 
Table 2. Rhizome 4.93± 1.21 0.83±0.07 1.26±0.78 1.98±0.26 
Density, height and biomass of the Scirpus maritimus Root 8.04±0.21 1.09±0.06 1.95±0.36 8.36±0.48 
community in the lower reaches of the Nagdong river, 
Sediments Korea, in October 1987. 
0-2cm ND ND ND ND 
Station St.! St. 2 3-15 em 0.56 0.0076 1.27 1.05 
Density (No.(m') 459±88 307±74 3 Plant materials 
Height (em) 68 58±8 Flower 22.30 2.52 2.28 5.54 
Biomass (g/m2 ) Leaf 25.14 1.78 
4.93 4.51 
Above-ground 205 117±31 Stem 5.37 0.66 4.66 
1.71 
. Below-ground 43 54 Rhizome 8.87 1.47 
1.61 1.12 
Rhizome 26±13 Root 12.87 
1.47 2.12 5.56 
Root 5±2 Sediments 
Tuber 23± 12 0-2cm 0.56 
0.0127 1.19 0.80 
3-15 em 1.06 0.0041 1.83 1.32 
Total 248 171 
4 Plant materials 
Flower 24.33 2.46 8.06 4.71 
the above-ground parts of the reed were nearly the same among the stations, whereas Leaf 20.05 1.78 7.65 6.15 
the values for the below-ground parts of the reed growing on the river side (Sts. 3 and Stem 6.89 0.58 0.98 1.02 
4) were higher than those on the sand bar (Sts. l and 2). The calcium and Rhizome 8.01 1.13 1.54 1.09 
magnesium contents showed no significant differences, except that the magnesium Root 11.76 1.38 10.98 6.54 
content of rhizome of reed on the river side was lower than that on the sand bar. Sediments 
Nitrogen content of sediment sampled from the 3-15 em deep layer on the river 0-2cm 1.32 0.0060 2.52 0.63 
side (Sts. 3 and 4) was higher than that on the sand bar (Sts. l and 2), whereas 3-15 em 1.22 0.0084 1.66 0.88 
phosphorus, calcium and magnesium contents showed no consistent tendency among 
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Table 4. 
The concentrations of inorganic nutrients in Scirpus maritimus 
and sediments of Scirpus marsh in the 
Nagdong river estuary, Korea 
St. Sample N (mg/g) p (mg/g) Ca (mg/g) Mg (mg/g) 
1 Plant materials 
Above-ground 
(Stem) 
13.48±0.48 2.00±0.19 5.18± 1.96 11.01±0.62 
Below-ground 
(Rhizome+Root) 
7.94±2.75 1.92±0.85 4.28±2.33 3.53±0.99 
Sediments 
0-2cm 0.61 0.0059 1.23 1.25 
3-15 em 0.30 0.0091 1.13 0.85 
2 Plant materials 
Above-ground 
(Stem) 
12.91± 1.05 1.62±0.08 3.11±0.38 9.86±0.36 
Rhizome 8.41 2.07 1.21 3.88 
Root 9.24 4.54 4.83 3.70 
Tuber 11.90 2.86 3.57 1.63 
Sediments 
0-2 em 0.66 0.0046 1.27 1.31 ' 
3-15 em 1.01 0.0021 2.06 1.58 
Table 5. 
The concentrations of inorganic nutrients in the sediments of the 
tidal flat without vegetation and in the algae attached to the 
reed stems in the Nagdong river estuary, Korea 
Sample N (mg/g) p (mg/g) Ca (mg/g) Mg (mg/g) 
Tidal flat sediments 
0-2 ern 0.35 0.0086 1.42 0.99 
3-15 em 0.30 O.Ql03 1.13 0.66 
Attached algae 
(Rhodophyta) 
46.27 1.68 83.06 14.65 
the stations. 
Table 4 shows the concentrations of inorganic nutrients in the plant materials 
of Scirpus maritimus and sediments from Scirpus marsh. The concentrations of 
inorganic nutrients of the above-ground parts (mainly stems) of S. maritimus were 
higher than those of the stems of the reed, but not the leaves of the reed. As for the 
below-ground parts, the concentrations of inorganic nutrients of S. maritimus were 
also higher than those of the reed except for magnesium. The concentrations of 
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nitrogen, calcium and magnesium in the sediments in Scirpus marsh were nearly the 
same as those in the reed marsh, whereas the concentrations of phosphorus in Scirpus 
marsh were lower than those in the reed marsh. Table 5 shows the concentrations 
of inorganic nutrients of sediment at the tidal flat without vegetation, representing 
no significant differences in comparison with reed and Scirpus marshes. 
When uptake of inorganic nutrients from sediment into roots was evaluated in 
terms of availability, i.e., the ratio of concentration of inorganic nutrients in roots 
to that in sediment, the values in reed were 10-15 for nitrogen, 67-359 for phospho-
rus, 1.2-6.6 for calcium and 4.2-8.0 for magnesium; the values in Scirpus maritimus 
were 9-27, 210-2160, 2.3-3.8 and 2.3-4.2, respectively. It is obvious from these 
results that the availability of phosphorus is very high. 
Assemblages of algae consisting of Caloglossa spp. and Bostrychia andoi (Rhodo-
phyta) attached to the stems of the reed in this study area (KIM et al., 1982). The 
concentrations of inorganic nutrients of these algal assemblages were also estimated 
(Table 5). The concentrations for the algal assemblages were higher than those for 
the reed leaves except for phosphorus (Table 3), and especially for calcium which 
was 20 times as high. Therefore, when the algae grow profusely, their contribution 
to mineral cycling in the reed marsh should be taken into consideration. 
DISCUSSION 
The zonation of animals in the upper intertidal region may be associated with 
the rising ground level and the consequent drop in frequency of tidal flooding. The 
tidal flat at the Sinoeri station has a large tidal range and steep slopes down to the 
creek streams formed by seepage of water from the exposed part of the tidal mound. 
Consequently a marked zonation of animals and sediment properties were observed 
along the slope from creek bottom to mound top. 
The Sinoeri tidal flat can be divided roughly into three zones according to the 
distribution patterns of macrobenthos; lower zone with Macrophthalmus japonieus, 
Glycera sp., Nephtys sp. and gastropods; middle zone with Helice sheni and Capitel-
lidae; upper zone with nemerteans (Fig. 4). This zonation was related mainly to 
water content, TC, TN, Eh and relative altitude, rather than silt-clay content (Fig. 
3). 
In contrast, at Ogryudeung sand bar in the Nagdong river estuary, tidal 
amplitude was narrow and sediments were mainly sandy. The noticeable zonation 
of macrobenthos was reflected by the emergent plants such as Phragmites australis 
and Scirpus maritimus, as well as the sediment properties (Figs 5, 6 and 7). Accord-
ing to the distribution patterns of macrobenthos, the Ogryudeung tidal flat can be 
divided roughly into two parts; bare tidal flats with Paranthura sp., Angus-
tassiminea castanea and Laternula limicola ; reed and Scirpus marshes with Ilyo-
plax pusilla, Corophium sp. and Assiminea lutea japonica (Fig. 6 ). 
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Table 6. 
Amounts of biomass, nitrogen and phosphorus of the above-ground parts of 
Phragmites australis in the Nagdong river estuary, Korea 
Nutrients of above-ground biomass 
Nagdong Whole Natural Above-ground Unit area Vegetation area delta and area vegetation biomass 
sand bar (ha) area (ha) (kg/m') N p N p 
(kgjha) (kgjha) (kg) (kg) 
Ogryudeung 59.4 58.4 0.908' 82.44 9.22 4,814 538 
Eulsugdo 363.1 177.5 2.093** 202.83 17.58 36,002 3,120 
Ilungdo 146.9 91.9 2.093** 202.83 17.58 18,640 1,616 
Total 59,456 5,274 
* Mean value for Sts. 1 and 2 
** Value for St. 4 
With respect to the zonation of crabs, NAKASONE (1977) introduced the zonation 
pattern to the vertical distribution of crabs in the Yuhi river estuary, Okinawa 
Island, Japan. He classified the intertidal zone into four parts from low water to 
high water of the spring tide, the mixed zone constituted by some small comm~n and 
uncommon species, the Macrophthalmine zone, the Ocypodine zone and the Sesar-
mme zone. In the Sinoeri tidal flat, Macrophthalmus japonicus inhabited mainly 
. the lower tidal flat and Helice sheni inhabited the middle tidal flat (Fig. 4), so they 
were considered to form zones equivalent to the Macrophthalmine and the Sesarmine 
zones, respectively. On the tidal flat of the Ogryudeung sand bar M. japonicus and 
Ilyoplax pusilla inhabited the lower tidal flat and the higher Scirpus marsh, 
respectively (Fig. 6 ), forming the Macrophthalmine and the Ocypodine zones 
(NAKASONE, 1977). 
In Japan, a large number of Helice tridens usually inhabit the reed marsh 
(KURIHARA et al., 1988). However, Macrophthalmus japonicus was observed in the 
reed marsh of the Nagdong river estuary instead of H. tridens. 
In the tidal flat of the Nagdong river estuary, Phragmites australis forms the 
major plant community throughout a broad area, but Scirpus maritimus forms the 
minor one in a narrow, restricted area. Large differences among amounts of above-
ground biomass of the reed community were observed in the estuary (Table 1). 
According to MIN and KIM (1983), the amount of above-ground biomass obtained 
from the Ogryudeung sand bar is.similar to those for Sts. 1 and 2, but the amounts 
from Ilungdo and Ulsugdo, which are other deltas in the Nagdong river estuary, are 
similar to that of St. 4. 
It is possible to estimate the amounts of nitrogen and phosphorus removed from 
the estuary assuming that the above-ground parts of reed plants can be harvested 
from the deltas and. sand bar. Table 6 shows areas occupied by Phragmites aus-
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tralis, its biomass and nutrients (KIM et al., 1982). The amounts of nutrients 
harvested or removed per year were estimated to be 59,456 kg for nitrogen and 5274 
kg for phosphorus. 
The amounts of nutrients discharged through the Nagdong river estuary in a 
year have been estimated to be 1929 ton for nitrogen and 58 ton for phosphorus (K:rM 
et al., 1982). The amounts of nitrogen and phosphorus harvested, therefore, corre-
spond to 3% and 9% of the total nutrients passing through the estuary. Thus the 
luxuriant reed community.in the Nagdong river estuary will help to reduce the 
accelerated eutrophication of the estuary if adequate harvesting can be done 
(KuRIHARA and SuzuKI, 1988). 
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mary). constricta 
Gastropoda sp. 103 251 22 
Annelida 
Polychaeta 
Glycera sp. 7 25 7 
Nephtys sp. 59 44 162 30 22 52 30 30 52 7 
Capitellidae 7 22 11 7 44 15 
Perinereis sp. 7 15 7 
Oligochaeta 
Tubificidae 7 44 
Arthropoda 
Crustacea 
Amphipoda sp. 1 
Macrophthalmus 7 22 52 30 52 7 
japonicus 
Helice sheni 7 22 52 37 7 37 7 30 30 22 
Ilyoplax pusilla 7 7 7 7 7 15 7 
Grapsidae (juv.) 37 155 81 15 15 7 44 44 37 7 7 7 7 
Ocypodidae (juv.) 346 140 37 37 81 52 88 37 66 111 59 37 52 22 236 
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Appendix 2 
Lists and densities of macrobenthic animals appearing in the tidal flat of Ogryudeung 
sand bar in the Nagdong river estuary, Korea, in October 1987 (No.jm2 ) 
Taxa Transect lines {Distance of sites, m) 
Station 1 Station 2 
-l 2 5 8 ll !5 !8 22 28 32 35 -1.5 0 3 6 9 !2 
Nemertinea 37 30 22 37 44 !5 22 44 88 !5 
Mollusca 
Lat.ernula limialla 30 8! !5 !84 !03 52 22 30 !5 !5 22 7 
Macoma cont.alntlata 7 22 22 37 22 30 22 7 !5 
OQTbicula japonica 7 30 30 22 !5 !5 7 !5 22 
Assiminea 1520 427 37 228 2610 5400 75 36! 1030 825 
lut.ea japonica 




H eteroma.stus !99 !70 273 332 398 236 324 398 280 560 420 228 206 !40 !99 !84 !33 
filiform is 
Pri;mosP.W 30 44 44 !03 !!8 !5 82 52 368 752 !92 88 !55 !84 2!4 442 
Japon'ICUS 
Neanlhes japonica 7 22 !5 7 30 74 22 22 22 44 37 22 37 
~ 
Capitella capitata 22 7 
Sabellidae !5 7 30 7 
Glyceridae 30 30 7 7 7 !5 
Spionidae 7 7 7 7 7 7 7 
Oligochaeta 
Tubificidae 22! 22 !5 7 22 !69 !55 
Arthropoda 
Crustacea 
Cuma.cea 7 7 7 7 30 30 7 
Paranthura sp. !40 228 !47 !77 !77 !99 66 !5 52 44 7 
Flabellifera sp. 30 30 37 74 
Corophium sp. !47 66 30 7 7 44 44 30 37 44 7 7 37 
Oedicerotidae sp. 74 22 !5 !5 
Maerophthalmus 7 7 7 !5 7 7 7 8! 22 
japonicus 
Jlyoplax pusilla 7 44 !25 37 52 88 7 7 
Ocypodidae (juv.) 7 236 52 560 2!4 464 3!7 30 88 44 855 !40 
Grapsidae (juv.) 30 7 7 22 44 44 7 
Insecta 
Diptera (larva) 74 22 22 44 74 59 7 52 37 
